PROPERTY OF 
PRINGETON UNIVERSITY LIBRARY 


@VED AUG 15 1938 


PSYCHOLOGICAL 
meCORD .... 


POSTURAL STEADINESS UNDER CONDITIONS OF 
MUSCULAR TENSION AND FATIGUE 


Harotp G. SEASHORE AND GRANT KocH 


THE PRINCIPIA PRESS, INC. 
BLOOMINGTON, INDIANA 


Price of this number, 35 cents 


= 
JULY, 1938 
Vol. II No. 12 
; 
4 
wate 
: 
ihe 
: 


EDITOR J. R. Kantor, Indiana University 
BUSINESS MANAGER C. M. Lourtit, Indiana University 


DEPARTMENTAL EDITORS: 


ABNORMAL Epmunp S. Conk in, Indiana University 
CHILD He en Kocn, University of Chicago 
CLINICAL B. M. Castner, Yale University 
COMPARATIVE E. A. Cutter, University of Illinois 
EXPERIMENTAL B. F. Skinner, University of Minnesota 
MEDICAL Norman Cameron, M. D., Johns Hopkins University 
PHYSIOLOGICAL C. F. Scortetp, University of Buffalo 
PSYCHOMETRICS J. P. Gumrorp, University of Nebraska 
SOCIAL Norman C. Meter, University of Iowa 
EDUCATIONAL J. G. Peatman, City College of New York 
ASSISTANT EDITOR J. W. Carter, Jr., Indiana University 


The Principia Press, Inc., has undertaken the publication of this co- 
operative journal to afford authors the opportunity of immediate pub- 
lication at the least possible expense. The present low cost of publication, 
and possible future reductions, depend entirely upon the number of 
subscriptions. The subscription price has been made low to induce indi- 
viduals to subscribe. Under the Articles of Incorporation of the Principia 
Press no profit can be made on any of its publications. Therefore an in- 
crease in the number of subscribers will be reflected in reduced costs 
to authors and in increase in the number of pages published annually. 

EpIToRIAL Boarp. The above named board of associate editors have 
—— to serve in an active capacity for a period of three years, and 

manuscripts will be submitted to them. 

MANUSCRIPTS may be sent to the appropriate associate editor or to 
Dr. J. R. Kantor. Longer papers (30 or more typewritten pages) in the 
above mentioned fields are especially desired. 

Costs. The cost of publication will be $2.00 per page of approximate- 
ly 470 words. The charge for line cut illustrations will be $2.00 ard- 
less of size. Special charges will have to be made for complex tabular 
matter and for half-tone or colored illustrations. 

REPRINTS. One hundred copies of each paper will be supplied gratis. 
Additional copies may be purchased in any quantity at a rate which 
will be set when the author is informed of the cost of publication. 

Royatties. Fifty per cent of the net income frorn the sale of indi- 
vidual copies, or from copies sold as part of back volumes, will be cred- 
ited as royalties to the author’s account. Royalties cannot be paid on 
income from subscriptions current in the year of publication. 

SvusscriIPTIONS. The subscription price is $4.00 per year for an annual 
volume of approximately 500 pages. Individual papers will be sold at 
an advertised price, which will depend upon the size of the article. 
Foreign subscriptions will be $4.50. 

CORRESPONDENCE concerning editorial matters should be addressed to 
Dr. J. R. Kantor. Indiana University. Business correspondence should 
a to Dr. C. M. Louttit, Principia Press, Inc., Bloomington, 

ad. 


POSTURAL STEADINESS UNDER CONDITIONS OF 
MUSCULAR TENSION AND FATIGUE* 


Harotp G. SEASHORE AND GRANT KocH 
Springfield College, Springfield, Massachusetts 


Postural steadiness as measured by body sway has been 
studied elaborately by many experimenters. Histories of 
earlier investigations and statements of fundamental tech- 
niques are reviewed by Miles! and Fearing.? This paper is 
one of a series of studies of postural steadiness in relation to 
motor skills and body mechanics in the field of physical 
education; the hygienic problems of neuromuscular hyper- 
tension are projected fields of investigation. The studies 
reported here received their impetus from the papers by 
Miles and by Fearing, and more particularly, from two by 
Skaggs and associates. The most recent paper by Skaggs 
was not available until after the data for these studies were 
gathered. It will be interesting to observe that similar con- 
clusions appear from these two studies which have the same 
general purpose but which differ in details of method and 
problem. 

The problem. The investigation set out to determine the 
effect of certain well-defined conditions of effort and strain 
upon postural steadiness as measured by body sway. For the 
first study, comparisons were made of body sway in ordinary 
stance (the control or normal records) and in four postures 
which involved definitely prescribed muscular tensions: 


a. Locked knee. The subject forced his knees backwards. 
He was instructed to force them into such a rigid position 
that there would be pain in the muscles and joints of his 
lower body. Hands were kept on the hips. 

b. Neck-firm. The subject, keeping his legs in normal 
stance, held his finger tips together at the back of his neck, 


* Recommended by Dr. B. F. Skinner, June 13, 1938. 

1W. R. Miles, Static Equilibrium as a useful test of motor control, 
J. Indus. Hyg., 1922, 3:316-331. 

2F, S. Fearing has three experimental articles under the general 
title: The factors influencing static equilibrium. They appear in the 
J. Comp. Psychol., 1924, 4:91-121; 163-183; 1925, 5:1-24. Another paper 
is: The experimental study of the Romberg sign, J. Nerv. Ment. Dis., 
1925, 61:449-465. ; 

3E. B. Skaggs, I. S. Skaggs, and M. Jardon, Attention and body 
sway, Amer. J. Psychol., 1932, 44:749-755. E. B. Skaggs, Further studies 
of bodily sway, Amer. J. Psychol., 1936, 49:105-108. 
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raised his elbows to shoulder level and pushed them back- 
wards. He was told to exert great strain, enough to produce 
pain on the shoulder musculatures. 

c. Running-in-place. The subject ran-in-place for 30 
seconds taking 90 steps. Within 10 seconds he was harnessed 
in the head-gear and measured for sway. Before the exer- 
cise he was told that he might find difficulty in breathing 
during the recovery period and that he should subdue the 
motion in his respiration by breathing “vertically” rather 
than with a “heave.” Hands were kept on hips. 

d. Dynamometer. The subject, standing otherwise nor- 
mally, held a dynamometer bimanually behind his back 
and just below his hip level at a pressure of 50 pounds at 
the start of the test. If the pressure dropped during the test 
to less than 35 pounds the trial was omitted. Fifty pounds 
is about one-half the maximum pull that these men could 
exert in the position indicated. 


A second approach to the problem of steadiness under 
strain and fatigue was an experiment in which the total and 
minute-by-minute body sway over a ten-minute period were 
measured. The subjects stood in normal posture and with 
hands on the hips. 

Apparatus. A local model of the Miles Ataxiameter was 
used. An angle was painted on the floor to facilitate the sub- 
ject’s taking the 45-degree stance described by Miles and 
Fearing. The apparatus was in a quiet room where each 
subject was measured individually. In the ten-minute study, 
four recorders, one at each work-adder, were necessary, but 
they worked silently and with non-vocal signals. In all trials 
the subjects kept their eyes closed without strain. 

Procedure. In investigating the body sway in the four 
effort-situations, seven records were obtained from each 
of 53 undergraduate college men who served as subjects. 
Each subject came at the same hour on three alternate days. 
The following plan was used: 

Group 1. Normal standing position 


Locked knee position 
Neck-firm position 


Normal standing position 
Running-in-place 


Group 2. 


Normal standing position 
Dynamometer situation 


Three crews were arranged to take groups in different 
order: 1-2-3, 2-3-1, 3-1-2. The normal record always was 


Group 3. 
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taken before the experimental stances were described to the 
subject. The period of description provided adequate relaxa- 
tion between trials. All trials were one minute in length. 
The average of several coefficients of reliability was .76. 

For the ten-minute trial the 12 subjects were instructed to 
stand quietly and with normal postural adjustment. They 
were told that it would “seem like a long time.” It was 
stressed that they should be determined not to sway no mat- 
ter how long the task seemed to be. Their attitudes were ex- 
cellent. They were not told of the passage of time and no 
extraneous clues, such as the ticking of a clock, were avail- 
able. 

Steadiness in the four effort-situations. The essential 
results of the first part of the study are given in Tables 1 
to 3. Table 1 is a comparison in terms of central tendencies 


TABLE 1 


COMPARISON OF ATAXIAMETER STEADINESS RECORDS 
UNDER CONDITIONS OF NORMAL AND 
TENSED STANCE 


Ru 
Ave. Ave. Neck- Locked in- Dyna- 
normal tensed firm knee _ place mometer 


Ave. 392 501 561 522 511 426 

S. D. 118 131 171 136 157 126 

Q: 490 573 668 592 597 498 

Med. 375 488 546 514 483 390 

Q: 289 402 444 416 416 323 
TABLE 2 


SIGNIFICANCE OF DIFFERENCES OBTAINED BETWEEN 
STEADINESS SCORES IN NORMAL AND 
TENSED SITUATIONS 


bit. 

1. Ave. normal (3 trials) and Ave. effort (3 trials) . 

2. Dynamometer and Running-in-place ............ 
3. Dynamometer and Locked Knee .......... ....... 5.2 
4. Dynamometer and Neck-firm .............. eee 7.3 
5. Locked knee and Running-in-place .............. 5 
6. Locked knee and Neck-firm ...................... 2.1 
7. Running-in-place and Neck-firm ................ 2.6 
8. Normal first day and Normal third day ........... 1.2 
9. Dynamometer and Normal the same day .......... 1.6 
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and variabilities of the gross scores in millimeters in the 
four effort-situations, of the individual averages of these 
four scores, and of the individual averages of the three 
normal scores. It is apparent from the first two columns 
that in the effort-situations the subjects swayed about 25 
per cent more than they did when standing normally. Table 
2 gives the statistical significance of the obtained differ- 
ences. 


Skaggs defined his experimental tension as about half-way between 
normal and extreme (painful) tension. In the neck-firm and locked 
knee positions of the study being reported the tension was closer to the 
extreme and painful condition. Accordingly, one might expect that 
Skaggs would find a somewhat smaller increase, expressed in percen- 
tages, than was found here. As measured in terms of the amount of 
maximum excursion recorded, his normal average was 27.9, with legs 
tensed, 31.1, and with both legs and arms tensed, 29.1. The two studies 
corroborate the fact of increased instability of posture with greater 
tension in the muscles of the legs and upper body. 


The other four columns of Table 1 and the items in Table 
2 make possible a comparison of the four conditions of ten- 
sion among themselves. In terms of their disturbing effect 
upon body steadiness, the order from greatest to least is: 
neck-firm, locked knee, running-in-place, and dynamom- 
eter. The neck-firm position had by far the greatest effect. 
Sway after running-in-place and in the locked knee stance 
were alike and about equal to the average of all four situa- 
tions. The holding of the dynamometer was least disturb- 
ing; in fact it was found that the strain of holding the dyna- 
mometer at 50 pounds behind the back was not sufficient to 
alter the body sway materially, as indicated by a critical 
ratio of only 1.6. 

There appears no simple and convincing explanation of 
the excessive sway in the neck-firm position. Three sugges- 
tions arise: 1. The center of gravity was raised sufficiently 
to account partially for the added sway. However, similar 
studies have shown that there is only a small correlation, 
about .20, between amount of sway and height of the sub- 
ject. The elevation of the elbows certainly could not cause 
a sufficiently great change in center of gravity to account 
for the increased unsteadiness. 2. Although the amounts of 
physical work done under the four situations were not 
equated, it is plausible that the subjects actually worked 
harder in keeping their elbows well back than they did in 
the other tasks. The increase in sway may have been pro- 
portional in some way to the amount of tension. 3. In the 
neck-firm position, regardless of the degree of strain in the 
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shoulder and upper arm, there were more muscles called 
into play, muscles of the hands, arms, neck, chest, abdomen, 
and even of the lower limbs which supposedly were in a 
normal semi-relaxed status. The wider spread of function- 
ing may have led to greater incoordination. 


Three possible explanations appear for the small effect 
the task of holding the dynamometer had upon the sway 
of the body. 1. Although the subjects reported the four 
tasks as being about equal in difficulty, such might not have 
been the case. The second suggestion in the preceding 
paragraph may apply. 2. There is the simple explanation 
that the holding of the dynamometer, while a reasonably 
difficult task physically and motivationally, did not involve 
as widespread musculatures as did the other tasks. 3. Ex- 
perimenters, such as Fearing and Skaggs, have found that 
whenever the subject is distracted, that is, whenever his 
attention is directed toward some other aspect of the event 
than the maintenance of fine postural adjustments, he ac- 
tually stands more steadily. In the present instance the 
task of holding the dynamometer at exactly 50 pounds of 
pressure when fatigue was increasing constituted a distrac- 
tion. The attention of the subject was directed toward main- 
taining a set in the musculatures of the arms and hands and 
not toward the task of standing perfectly still. Consequent- 
ly, while there was an actual increase in sway due to the 
tension and fatigue, the amount was less than under other 
conditions of non-distracting tension. 


Data from Skaggs’ most recent paper offer some interesting compara- 
tive results. Using the smoked paper type of recorder in which the great- 
est deviation from the starting point rather than the total of the paths 
of motion is measured, he observed that there is more sway when only 
the legs are tensed than when both arms and legs are tensed. “In other 
words, the tensing of the arm muscles seems to help the S in maintain- 
ing the initial position, although it cannot offset the disrupting effect 
of the supernormally tensed muscles of the leg.” 


Rather than assert that the decreased sway in stances 
involving combined leg and arm tension was due to the arm 
tension helping “the S in maintaining the initial position,” 
one could argue that the dual task, being more complicated 
mentally, functioned as an added distraction, which resulted 
in the smaller increase. 

Obviously one cannot describe the differences in sway 
under different conditions as being due simply to changes 
in tension. Two stances used in the present study, both of 
which essentially were arm tensions, yielded a great disparity 
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of data. Skaggs asserted that arm tension tended to re- 
duce the abnormal sway brought about under conditions of 
leg tensions. The data in Table 1 assert that arm tension 
of one type (neck-firm position) yielded greater sway than 
did leg tension (locked knee), while arm tension of another 
sort (holding dynamometer) yielded less sway than did leg 
tension. The essential nature of the dynamometer stance 
is tension directed away from awareness of postural control. 
The nature of the neck-firm stance is essentially tension 
directed toward awareness of postural control. 


All of these bits of data point to two problems which are 
to be investigated further: 1. The terms, arm tension and 
leg tension, even when described as realistically and 
quantitatively as possible, are not descriptions of any simple 
motor behavior of the organism. The whole organism is 
responding to the ataxiameter situation. 2. The ultimate 
explanation of the differential effects of various stances and 
controlled tensions on sway depends considerably upon an 
adequate hypothesis regarding the way distraction operates 
to reduce sway. Increased tension increases the sway. Dis- 
traction decreases the sway. Yet in the distractions in- 
creased tensions may be fundamentally involved.‘ 


Table 3 presents the intercorrelations of the various scores 
obtained for each man. Typical Pearson correlational coeffi- 
cients are about .60. The lowest, .42, is between the locked 
knee stance and the running-in-place scores. The highest 
is between the dynamometer scores and the average score 
of three trials. In general, the coefficients between locked 
knee scores and other scores are lowest. These results need 
not be interpreted further here other than to say that they 
are in accord with the order of coefficients obtained in other 
areas of motor skill when the fundamental task is changed 
but slightly from event to event. Between the average of 
the four tensed stances and the average of the three normal 


4In a personal communication after having read the preliminary 
manuscript, Professor Fearing proposed that one might elaborate a 
theoretical explanation of distraction in terms of the “drainage hypoth- 
esis.” “I suggest that this is an example of ‘drainage’ in which the 
‘higher’ integrations—in this case the maintenance, under instructions. 
of a particular muscular adjustment—were maintained at the expense of 
the lower order adjustment—in this case the maintenance of the stand- 
ing position.” One wi!l need some expressions like “concomitant stimu- 
lation” (Fearing’s) in order to understand what is happening in dis- 
traction. At this point, the writers wish to express their appreciation 
of the counsel Professor Fearing has given them in planning the study 
and evaluating its results. 
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TABLE 3 


INTERCORRELATIONS OF MEASURES OF STEADINESS 
UNDER VARYING CONDITIONS 


Running- Dyna- Neck- Normal Average 
in-place mometer firm sameday normal 


Locked 

Knee .42+.08 .61+.06 .60+.06 .44+.08 .52+.07 
Running- 

in-place 64+.05 .63+.06 .60+.06 .66+.05 
Dynamo- 

meter 66+.05 .64+.05 .74+.04 
Neck-firm .66+.05 .68+.05 


records, the coefficient of correlation is .77. Apparently there 
is a considerably large and definable motor ability which 
determines all sorts of tasks involving postural sway as 
measured by the ataxiameter. 


The present study also substantiated a number of findings about pos- 
tural steadiness established by others: anterior-posterior sway is about 
70 per cent of the total sway both under normal and tensed conditions; 
correlations of height and weight with sway are small, from .20 to .40, 
under various conditions of stance; introspective reports indicate the 
same sort of mental contents and sensory feelings that others have re- 
ported; distractions reduce the amount of the sway. 


Steadiness in a continuous ten-minute period. In research 
with the ataxiameter, investigators typically have used either 
one- or two-minute trials. The writers were curious to dis- 
cover what would happen when subjects maintained the 
normal posture for longer periods of time. When the data 
for this part of the study had been gathered, Skaggs’ latest 
paper appeared and it was found that he had been studying 
the same problem. 


Skaggs had his subjects do several trials of different durations: 15, 
30, 45, and 60 seconds. He compared the average maximum excursions 
under these conditions and came to this conclusion: “Presumably, if we 
had used longer interva!s, an interval would have been found where no 
further increase in sway, as we have measured it, would have been 
found.” He based this statement upon data which showed a decreased 
increment of sway as the duration of the period of measurement was 
increased. For example, with the subjects standing in a4 supernormally 
tensed position as defined, the four durations yielded average scores of 
17.5, 23.3, 26.5, and 32.4 millimeters, respectively; and in the normal posi- 
tion, scores of 16.2, 21.9, 26.1, and 28.1 millimeters, respectively. Skaggs’ 
data, then, make plausible the inference that in a one-minute period, 
subjects would sway more at the beginning of the minute than toward 
the end of the period. 
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The writers entertained the idea that fatigue would logi- 
cally increase the sway minute by minute. Likewise there 
was the suggestion that well-motivated voluntary effort and 
the distracting effect of mental activity (day-dreaming, lis- 
tening for time-cues, etc.) might operate to cancel the nat- 
ural effects of fatigue. 

Data in Table 4 and in Figure 1 demonstrate that under 
conditions of strain and fatigue induced by a continuous 
normal posture in the ataxiameter over a ten-minute period, 
there was no large increase in amount of sway from minute 
to minute. The increments in the totalling row range from 
20 to —27 millimeters. In Table 4 and in Figure 1 it is appar- 
ent, also, that the minute-to-minute variations were greater 
than the over-all increase. The average sway of the first 
five minutes was 343 millimeters and of the second five 
minutes, 362 millimeters, an increment of only 6 per cent. 
The center curve of Figure 1 shows a steady but small de- 
crease in steadiness, over the first six minutes, then a period 
of rather substantial recovery, followed again in the ninth 
by a small loss which did not reach that of the earlier peak. 


For each subject are also given the differences in sway 
from minute to minute, and in the last two columns these 
are expressed as average variability and as the ratios of va- 
riability to the average sway per minute during the ten-min- 
ute period. With the exception of subject 8, the actual varia- 
bility is greater for those subjects whose total sway is greater. 
Expressed in percentages, however, the minute-to-minute 
variability is not related in any predictable way to the gross 
amount of sway. The ratios range from 11 to 33, with 17 or 
18 a typical value. 


In Figure 1 the two extreme cases at each end of the list 
in Table 4 are also plotted. Cases 7 and 12 appear at the 
lower part of the graph because they were most steady, and 
cases 4 and 8 at the upper portion because they were most 
unsteady. While no general pattern can be observed from 
these curves, observation of them and of the other cases in 
Table 4, suggests that minutes 6, 7, and 8 were characterized 
by rather abrupt changes in sway, either sudden increases or 
sudden recoveries. On the other hand, the patterns over the 
first two or three minutes coincide well for the two steady 
persons and for the two unsteady subjects. One can note in 
Table 4 that the five most steady subjects showed improve- 
ments in steadiness during the first three minutes, while the 
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Graphical representation of the minute-to-minute variations in sway 
of the two least steady cases, the two most steady cases, and all twelve 
cases averaged. 
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five least steady subjects showed increasing unsteadiness 
after a more average first minute.® 


The subjects, all but one of whom were psychologically un- 
trained, were asked to give short written reports of their 
thoughts and feelings while doing the test. The request was 
made after the trial was over. In effect the mental activity 
which they reported must have operated as distraction much 
as did the mental arithmetic, etc., in the experiments of 
Skaggs and Fearing. Subject 1, one of the least stable of the 
group, reported that about two-thirds of the way through 
the period he “got desperate” in his attempts to remain still; 
then he got the delusory idea that the experimenters were 
“pulling a fast one” and keeping him in the apparatus more 
than ten minutes. His exploration of the latter idea might 
have been sufficiently distracting to account for the radical 
drop after the seventh minute. The report of subject 7, 
whose performance, the best, is plotted in Figure 1, is given 
verbatim. 


“At the beginning I tried to encourage myself to think but didn’t suc- 
ceed. That is, I attempted to think on a definite subject, in this case 
the test of Biblical Literature. I have a fear of gas or ether and this 
kept coming into my mind. The thought of, ‘How much time is left?’ 
also was prominent, as was the thought concerning whether I was doing 
well. Along about the end my hands and feet became tired and I won- 
dered if it would hurt to move them. Toward the end, I was listening 
for any movement which would signify the ending.” (The experimenters 
do not know whether this subject had the idea that thinking about 
something else would facilitate a better score, or that it would make 
time seem to go faster.) 


Subject 12 wrote this: 


“At first I could not feel any pull on the head piece and wondered 
just how much I was swaying. Then a truck out in the alley caught 
my attention and I first felt the pull on the head piece, as my thought 
drifted from trying to keep still to the truck. With this I could feel 
the muscles in the front part of the leg relax, then those in the rear 
tighten; then I tightened both front and back... .” (Toward the end 
he said he began to count out the minutes in seconds and the head 
piece became the center of his attention. He said he counted out four 
minutes. As is known, people underestimate the duration of a second 
while counting; he probably did not count as many as four minutes.) 


5It has been customary in experiments on steadiness to use one- 
minute trials. These curves and tabular data argue that to obtain a 
representative record of the steadiness of a subject one would do better 
to choose the records from the third to the sixth minutes. Among other 
factors, there is a wider range of individual differences in these minutes 
than in the first one. One would not recommend the use of the last 
minutes of a ten-minute period because of their greater minute-to- 
minute variability. 
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Throughout these reports several factors appeared often; 
numerous shiftings of attention; attention to details of the 
experiment, to extraneous events, to muscles, to the head; 
deliberate attempts to think of other things to force the 
passage of time; report of pain in the calves, thighs, ankles, 
and hips, and particularly, the heels; waiting for the end; 
listening for cues from the experimenters; attempts to judge 
and count time; attempts to figure out the real purpose of 
the experiment, etc. 

The writers had in mind the possibility that sway during 
these ten-minute trials might be related to the “nervous- 
ness” of the subjects. To state the problem technically, there 
was the possibility that those persons characterized by neu- 
romuscular hypertension would sway more than those who 
characteristically were more relaxed.’ The evidence was 
neither sufficient nor consistent enough to warrant further 
discussion at this time. A study expressly devoted to the 
correlation of measures of postural sway with indices of neu- 
romuscular hypertension is projected. 

The present study was conducted in the psychological 
laboratory within a professional school, one of whose major 
interests is the ascertainment of the scientific bases of 
physical and health education. Further investigations are 
being made to determine the significance of postural steadi- 
ness in efficient physical activity. 

Conclusions. 1. Under conditions of effort or tension in 
various musculatures, either those directly concerned with 
standing or other musculatures such as those in the arms, 
there is an increase in postural unsteadiness as measured by 
the amount of sway recorded by the four components of the 
Miles Ataxiameter. 

2. There are differential amounts of sway depending upon 
the posture which is assumed. The experimental neck-firm 
position yielded greatest unsteadiness, followed, in order of 
decreasing effect, by the positions defined as locked knee, 
running-in-place, and holding a dynamometer. The differ- 
ences can be explained in terms of the degree and spread of 
the muscular tensions in the given postures and of the 
amount and focusing of mental distractions. 

3. The study corroborates the principle that distractions 
tend to decrease the amount of sway; swaying apparently is 


6J. L. Rathbone, Residual neuromuscular hypertension: implica- 
tions for education, a privately printed thesis from Columbia University, 
New York, 1936, is an example of literature on this subject and contains 
many suggestions for research. 
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greatest when the subject’s attention is directed toward the 
musculatures involved or the mechanics of the experiment. 
Suggestions for research involving more differentiating con- 
trol of both muscular tensions and mental activity arise. 

4. Over a relatively longer period of standing in relaxed 
normal posture with the eyes closed, there is a small increase 
in minute-to-minute postural unsteadiness amounting to 
about 6 per cent. Minute-to-minute variations are as great 
as the over-all increase in instability. The typical minute- 
to-minute variability is about 17 or 18 percent. 

5. In the ten-minute test, the subjects become more 
variable in the last four minutes of the period. However, for 
the twelve subjects no clear-cut pattern of variation in 
steadiness appears which might be characteristic of all. Dif- 
ferentially, the more steady subjects improve their steadi- 
ness in the first few minutes while unsteady subjects begin 
fairly weil but rapidly increase their sway during the first 
few minutes. 

6. Individuals who show greater over-all sway during the 
ten-minute period do not have greater relative variability 
than those who actually sway less. 

7. The fact that steadiness is dependent upon rather au- 
tomatic neuromuscular activity, yet is so intimately con- 
trolled by distracting mental activity, has significance for 
further psychological research. The nature of the funda- 
mental motor abilities, their training, and the description 
and management of neuromuscular hypertension appear as 
problem areas which might well be studied through measure- 
ment of postural steadiness.’ 

™This report is based mainly upon Koch’s thesis, Postural steadi- 
ness under certain conditions of effort, in the Springfield College library. 
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